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The rare reason of pain in hip girdle: Mucolipidosis type 3
gamma

Abdulkerim Kolkiran'®, Beren Karaosmanoglu®®, Zihni Ekim Tagkiran?”,
Pelin Ozlem Simsek Kiper'®, Giilen Eda Utine'

'Division of Pediatric Genetics, Department of Pediatrics and *Department of Medical Genetics, Hacettepe University Faculty of
Medicine, Ankara, Turkey.

ABSTRACT

Background. Mucolipidosis type 3 gamma (ML-IIly) is an autosomal recessive, rare and slowly progressive
lysosomal storage disease. Short stature, restricted joint mobility, thick skin, and flat face with mildly coarse
features are major clinical findings. It usually manifests in the third year. With advancing age, claw hand
deformities, carpal tunnel syndrome, and scoliosis may develop. Morbidity is determined mainly by skeletal
involvement. N—acetyl glucosamine—1 phospotransferase enzyme is composed of 2a, 23 and 2y subunits. The
active enzyme is essential in the transport of hydrolases to the lysosomes, via addition of mannose-6-phosphate
in the Golgi apparatus. GNPTG gene encodes the y2 subunits, and biallelic mutations cause ML-IIIy.

Case. A previously healthy 14-year-old male patient had leg pain after the age of nine, and was admitted with
short stature, mild coarse face, pectus deformity, digital stiffness, scoliosis, genu valgum and mitral valve
prolapse. He did not have intellectual disability or corneal clouding. Radiographs showed irregularities in the
acetabular roof and proximal epiphyses of the femur and irregularities in the end plates of vertebral bodies.
A novel homozygous missense variant in the exon 5 of GNPTG, ¢.316G>T, confirmed the diagnosis of ML-
IIIy. Juvenile idiopathic arthritis (JIA), progressive pseudorheumatoid dysplasia (PPRD), ML-II, ML-IIlaf3,
galactosialidosis and mucopolysaccharidosis should be considered in the differential diagnosis.

Conclusions. ML-IIIy should be kept in mind in populations with high consanguineous marriage rates or with
possible founder effect, in patients with short stature and skeletal destruction. Genetic tests should be planned
for a definitive diagnosis.
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Mucolipidosis type 3 gamma (MLIILy) is a rare,
slowly progressive lysosomal storage disease
reported for the first time by Maroteaux and
Lamy in 1966."° It is inherited in an autosomal
recessive (AR) manner.!® Stiffness in the
finger joints usually begins in early childhood,
whereas short stature, scoliosis and skeletal
deformities are observed as a result of large
joint involvement with advancing age.’

N-acetyl glucosamine-1 phospotransferase
(GlcNAc-PTase) enzyme is a 540-kDa weight
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heterohexameric polypeptide composed of 2,
23 and 2y subunits."” Membrane dependent
enzyme precursors a2B2 subunits and 2
subunits are combined and carried to the Golgi
apparatus.* Here, the a2(32 subunits in the
precursor enzyme complex are activated with
cleavage by site-1 protease (S1P).* The active
enzyme plays an essential role in the transport
of hydrolases to the lysosomes by modifying
them with addition of mannose-6-phosphate
(M6P) residues in the Golgi apparatus.®
Hydrolases that cannot be modified with M6P
as a result of GIcNAc-PTase enzyme deficiency
cannot be transported to lysosomes.!*
Hence, non-digestible macromolecules
accumulate in  lysosomes, as granular
intracytoplasmic inclusion bodies that can be
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seen microscopically.'** These hydrolases that
cannot be transported to lysosomes are secreted
into the intercellular spaces."*

The GNPTAB gene encodes a/f3 subunits and
the GNPTG gene encodes Y2 subunits.'?*57
Homozygous or compound heterozygous
mutations in the GNPTG gene, which produce
GIcNAc-PTase enzyme y subunit deficiency,
cause MLIIly disease.'

We report a 14-year-old male patient presenting
with the complaints of short stature, scoliosis
and hip joint damage.

Case Report

A 14-year-old male patient was consulted to the
genetics department. He had bilateral Perthes
disease sequela and scoliosis. He was the third
live born to his 25-year-old mother following
the third pregnancy, with an uneventful
pregnancy at term, with a birth weight of 2600
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g, by spontaneous vaginal birth. The parents
were consanguineous (first cousins). Two
healthy male children, now aged 18 and 15
years old, were born from the first and second
pregnancies. The fourth pregnancy of the
mother resulted in miscarriage in the 20th week
of pregnancy. The grandson of the paternal
uncle had similar findings in the hip joint. The
pedigree of our patient is shown in Figure 1.

Bilateral Perthes sequelae and scoliosis were
detected and femoral osteotomy operation was
performed at the age of ten years when he was
first referred due to in-toeing and bilateral leg
pain. Stiffness of finger joints began at that age.
All developmental steps were normal and there
was no intellectual disability.

On physical examination, his weight was 39
kg (3rd-10th centile), height was 145 cm (<3rd
centile) and head circumference was 54 cm
(25th-50th centile). Arm span was 154 cm. The
upper to lower segment ratio was calculated

. Argininemia |:| Hearing loss
Fig. 1. Pedigrees of the patient.
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as 0.85 (< -2 SD).!" Narrow forehead, deep set
eyes, bulbous nose tip, dental crowding, short
and webbed neck, mild coarse face, pectus
carinatum superiorly and excavatum inferiorly,
scoliosis, accentuated thoracic kyphosis and
lumbar lordosis, stiffness of the fingers, genu
valgum and pes planus were noted. Acute
phase reactants were all normal. Diseases such
as progressive pseudorheumatoid dysplasia
(PPRD) and juvenile idiopathic arthritis (JIA)
were reviewed and excluded in differential
diagnosis. Informed consent was received from
the family for this publication.

Genetic analysis

Genetic analysis was performed after informed
consent was taken from the parents. The study
protocol was approved by the Hacettepe
University Ethics Committee (GO 15-530/25).
DNA samples of the patient were subjected
to whole exome sequencing (WES) analysis at
the Hacettepe University Faculty of Medicine,
Pediatric Genetics Laboratory, Ankara (Turkey).
Exome libraries were prepared by using the Ion
AmpliSeq Exome RDY Kit, and sequencing
was performed by Ion Proton System (Thermo
Fisher Scientific). Homozygosity mapping and
bioinformatics analysis were performed as
outlined previously.! Segregation analysis was
performed from DNA samples taken from the
parents.

Genetic results

According to the NM_032520.4 coded transcript
of the GNPTG in the NCBI database, a novel
missense variant ¢.316G>T (p.Gly106Cys) was
detected in exon 5. Parents were heterozygous
for the same variant. According to the ACMG
2015 criteria, the variant is “disease causing”.
The variant is predicted as disease-causing
according to in silico databases such as
MutationTaster, and the CADD score is 32.

Discussion

Clinical manifestations of the extremely rare
MLIIly disease is quite variable.'> While very
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mildly affected cases present in later childhood
with isolated hip dysplasia and some vertebral
changes, in most of the cases MLIIIy is a slowly
progressive disease.” Increased stiffness of
the joints suggestive of idiopathic arthritis is
generally noted after the second year of life.!*>!?
Although it is a multisystemic disease, skeletal
involvement mainly determines morbidity.>®
Although destruction of the acetabulum and
femoral head begin by 5 years of age, this
usually begins in the adolescent period."?
Skeleton findings progress as the age advances.'

In addition to dysostosis multiplex findings,
progressive osteopenia, osteoarthritis and
erosive bone lesions are seen as a result of
cartilage and bone destruction in many joints
including shoulder, elbow, hip and knee.'*>#
Scoliosis, claw hand deformity due to stiffness
and contractures in joints and spinal cord
compression can be seen particularly with
advancing age.'”® Depending on these hip
and leg pains, difficulty in squatting and a
decrease in walking ability are observed.'
Carpal tunnel syndrome is a common finding."®
The radiographic findings of our patient are
summarized in Figure 2.

Although the abnormal findings of hip joint
in the previously reported patients generally
started in late adolescent period, the present
patient had an earlier (9 years old) onset of
joint problems and walking difficulty.’ Bilateral
femoral osteotomy operation was performed at
the age of ten years and mild dextroscoliosis,
lumbar lordosis, and thoracic kyphosis were
detected in the follow up. The patient had
pectus carinatum and excavatum deformity.

Patients with the onset of stiffness of fingers at
the age of 1.5 years are reported, nevertheless
this wusually begins in early childhood."**
Nampoothirietal.' reported thathand deformity
started at the age of 10 years in Turkish patients.
Onset of stiffness at the hand fingers at older
ages is associated with a milder clinical course.
In our patient, the stiffness of the hands began
at the age of 12 years.’
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Fig. 2. Radiographs of the patient. A) Pelvic radiograph revealed irregularities in the acetabular roof, epiphyseal
dysplasia of the proximal femora, coxa valga, and shallow acetabula. B-C-D) Mild scoliosis is seen on chest
and abdomen radiography. Mildly flattened vertebral bodies with irregular upper and lower end plates and
irregular narrowing of the intervertebral spaces and hypoplasia of the dorsal parts of the thoracic vertebral
bodies and mild anterior hypoplasia is seen radiograph of spine. E-F-G) The long tubuler bones were normal.
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Other clinical features of MLIIly include mild
coarse facial appearance, short stature, corneal
clouding, mild intellectual disability, restrictive
lung disease, and heart valve anomalies.'>%89
Woody skin texture may occur that starts on
the back of the hand and forearm and can be
seen in the face over time."? Mild to moderate
intellectual disability or learning disabilities
may be seen in almost half of the MLIII
patients.”” Nevertheless, intellectual disability
is usually seen in MLIIIaf disease but not in
MLIIIy disease.’

There wasnowoody skin texture or scleroderma-
like appearance on the skin of our patient. He
had a mild coarse face appearance. Although he
had pectus deformity, his lung functions were
normal. Motor and language developmental
steps were normal and he had no intellectual
disability. There was no murmur on physical
examination, but mild mitral valve prolapse
was detected on echocardiography. There was
no corneal clouding in the eye examination.

Besides clinical findings, increase in lysosomal
hydrolases in plasma and decrease in
intracellular enzyme level in fibroblast cultures
support the diagnosis, but for the definitive
diagnosis of MLIIly, a mutation in the GNTPG
gene was detected and verified."***!> The
segregation analysis revealed that the parents
were heterozygous carriers. Genetic counseling
was given accordingly.

GlcNAc-PTase enzyme activity determines the
severity and name of the disease.® If mutations
in the GNTPAB gene cause complete absence of
enzyme activity, it causes MLII disease, while
in the presence of 10% and above enzyme
activity occurs MLIIaf3 disease."**¢ Mutations
in the GNTPG gene cause MLIIly disease."”’
So far, 50 different mutations in the GNTPG
gene have been reported in 79 patients.* These
mutations occur 35% frameshift 23% nonsense
and 23% splice site, 15% missense, 4% deletion
duplication and insertions.* 23% of all mutations
are intronic mutations.*

Owing to the initial joint findings, patients
can be followed up with a diagnosis of JIA,
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one of the most common chronic diseases of
childhood, before the establishment of the
definite diagnosis.’ Even anumber of treatments
such as, nonsteroidal anti-inflammatory drugs,
systemic and intraarticular glucocorticoids and
nonbiologic and biologic disease modifying
antirheumatic drugs might have been tried
before the patient’'s admission. Differential
diagnosis can be made with high serum
lysosomal enzyme activity, presence of
dysostosis multiplex findings, lack of high
serum acute phase reactants levels, autosomal
recessive (AR) inheritance pattern and the
detection of a pathogenic GNTPG gene variant.?
PPRD resulting from WISP3 gene mutations
should be considered inthe differential diagnosis
due to joint stiffness, kyphoscoliosis and claw
hand deformity.> However, PPRD differs by
the presence of milder vertebral changes, broad
lower ilia, swollen ends of the short tubular
bones, normal serum hydrolase levels, and
no GNTPG gene mutation.*"* Mucolipidosis
II, ML-IIlaf, mucopolysaccharidosis types
L II, IV, VI, and VII, other genetic skeletal
disorders  including  spondyloepiphyseal
dysplasia congenita, Kniest dysplasia, X-linked
spondyloepiphyseal dysplasia tarda, and
Dyggve-Melchior-Clausen dysplasia should all
be considered in the differential diagnosis.*'?
Differential diagnosis is easier in ML-II disease,
as it occurs due to the complete absence of
GlcNAc-PTase enzyme and the clinical findings
begin prenatally or at birth and result in demise
in early childhood.> The clinical distinction
between MLIIIy and ML-Illaf is quite difficult,
nevertheless it is generally accepted that MLIILy
is a milder form of mucolipidosis compared to
that of MLIIIa( disease.*” In addition, forearm
hypertrophy and supination defect may be a
distinctive feature in MLIIIy disease.!

There is no cure for MLIIly yet? Treatment
is completely symptomatic and supportive.?
Physical therapy can be applied forjoint stiffness
and contractures. Total hip replacement (THR)
and knee replacement therapy can be applied
since complaints about hip and knee joints
and the associated findings increase with
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advancing age.'” Surgical correction may be
required for carpal tunnel syndrome and claw
hand deformities.®> For scoliosis and spinal
cord compression, supportive treatments
and surgical corrections should be applied
as necessary.’” As the pain in the hip and knee
can significantly decrease the quality of life,
necessary treatments should be applied.
Biphosphonate therapy can be given when
necessary for osteoporosis.’”

Despite being a rare disease, the prevalence of
ML-IIIy may be high especially in countries
with high consanguineous marriage rates. For
this reason, appropriate genetic tests should
be planned in patients presenting with joint
findings in the hips and fingers, coarse face,
short stature, corneal clouding and scoliosis.
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